SUMMARY
INTRODUCTION
In many research and diagnostic problems in vibroacoustics one encounters tasks related to synchronic acquisition of big volumes of measurement data, acquired from parameter distributions of acoustic eld surrounding the examined objects or located inside the objects. Such tasks are usually carried out in the rst stage of vibroacoustic signal analysis, preparing the data for further processing or interpretation. The basis for construction of a system capable of executing such a task is the proper formulation of the research objectives and arrangement of a proper hardware measurement system. The data acquisition usually comprises a sequence of steps: The authors have made an attempt to construct a multi--channel data acquisition system for vibroacoustic signals, collected for analysis of acoustic eld distributions in enclosed rooms and determination of surface acoustic impedance values at the wall surfaces . The proposed research methodology required completion of several stages consisting of preparatory tasks:
1. Construction of a model measurement test stand -selection of equipment, positioning of the measuring microphones, speci cation of the measured quantities. 2. Elaboration of a dedicated software package for acquisition of the measured data. 3. Elaboration of the software used for analysis and processing of the data collected from the measurements. 4. Construction of the 3D computer model for the examined room. 5. Development of specialized software for calculation of the surface impedance of bounding walls, using the inverse boundary element method. Because of new, nonstandard procedures introduced to the problem solution the scope of the research activity has been divided into two parts:
WIELOKANA OWY SYSTEM AKWIZYCJI SYGNA ÓW WIBROAKUSTYCZNYCH
-Studies of the model room.
-Studies carried out in the real-world room.
In the rst part of the study the required measurement quantities have been de ned (the averaged amplitudes of acoustic pressure, phase-shift angles between the individual acoustic signals registered in the measurement, vibration velocity for the sound source diaphragm). Then the additional requirements have been formulated, regarding the con guration of the measurement setup, positioning of the measuring microphones and software used for measuring, recording and analysis of measured signals. Functioning of the whole system has been tested and veri ed by carrying measurements in a specially made model room.
The second part of the study comprised a construction of numerical models of the examined objects, elaboration of software for simulation of acoustic eld distributions, analysis of the results and introducing corrections if necessary .
The paper presents the rst stage of the research, directly related to the multi-channel system for registration and analysis of vibroacoustic signals.
CONFIGURATION OF THE MEASUREMENT CIRCUIT
The scope of the study required a synchronic registration of acoustic pressure by 24 measurement microphones, determination of the phase-shift angles between the measured signals and determination of the vibration velocity for the loudspeaker diaphragm. The measurement setup also included a generator of sinusoidal and noise signals for stimulation of the enclosed space volume (model room or the real-world room under examination). For the measurements of the sound eld parameters a dedicated multi-channel data acquisition system has been constructed, based on the PXI hardware platform. The system included NI PXI-1042Q type chassis, NI PXI-8196 controller (see Fig.1 Registration of the measured signals has been carried out by:
The measurement setup included also:
-ampli er, -loudspeaker, -the elements positioning the measurement microphones.
The measurement circuit has been calibrated both in amplitude and phase-shift angle using an acoustic calibrator with a specialized 6-way attachment, allowing simultaneous calibration of six ¼" microphones. The analog output of the NI PXI-4461 card has been used for generation of the tonal signal stimulating the boundary elements of model room or the real-world object, and the 25-th measurement channel (one of the two analog input channels of the NI PXI-4461 card) has been used for registration of the laser vibrometer signal, the device dedicated to the measurements of the vibrating surface (loudspeaker diaphragm) displacement, using the interference effects. The PXI (PCI eXtension for Instrumentation) platform includes the PXI Trigger Bus, what allows full measurement synchronization between individual modules. PXI makes use of all advantages offered by the standard software and hardware PCI architecture, including fast data transfer. The fast PCI bus, used by the PXI, when combined with integrated clock rate signal and triggering, allows a convenient implementation of PXI devices to synchronic, multi-channel measurements. In short the PXI is a modular platform for measuring devices, which allows realization of various measurement functions controlled by the supervising PC.
THE MEASUREMENT SOFTWARE
For realization of the acoustic measurements and processing of the measured data two dedicated software packages have been developed by the authors:
Both software packages have been written in the LabView 2010 environment. The LabVIEW environment includes advanced numerical libraries and the necessary drivers enabling the cooperation with various external devices. The DAQmx drivers enable access to all the modules of the PXI platform, what allows the hardware con guration according to the user's own needs. The applications allowed the creation of virtual measurement devices for specialized measurements, using multi-channel signal registration, and for the later signal analysis. During the measurement process the acoustic signals are registered on the hard disk in the lossless TDMS standard. The lossless registration of the time dependencies allows convenient re-analysis of the data after each software modi cation.
The constructed tools, due to their modular structure, can be adapted to new tasks, extended by introducing new elements (additional measurement cards, microphones, accelerometers etc), what ensures the systems suitability for performing new, more advances acoustic measurements.
Multichannel Data Acquisition System
The multithreading architecture of the Multi-Channel Data Acquisition System (see Fig. 2 ) is dedicated to synchronic acquisition of signals from multiple channels (26 measurement channels), which is synchronized with the measurements of generation parameters of tonal or noise signals (2 channels). This type of architecture, has also been used in (Batko et al. 2012 ).
In the acquisition thread the measurement process has been con gured in such a way that individual signals, measured and generated by various measurement cards, are fully synchronized. The signal acquisition has been synchronized with the voltage signal generating the acoustic stimulation using the loudspeaker, so that the phase-shift angles between the individual registered signals can be easily analyzed. Fig. 2 . Structure of the Multi-channel Data Acquisition System application, developed in the LabVIEW environment J. P , P. P MULTICHANNEL DATA ACQUISITION SYSTEM FOR VIBROACOUSTIC SIGNALS Measurement triggering is executed using the PXI Trigger Bus (Fig. 3) , which enables simultaneous measurement triggering for all the measuring cards. The maximal delay on the PXI Trigger Bus is estimated to be about 80 ns. In addition all the measurement cards execute the sampling of analog signals using the Sample Clock, located in the NI PXI-4472B card, installed in the System Timing Slot.
The acquisition thread works with the highest priority, in order to ensure the lossless acquisition of the measured data. The collected data are sent to data analysis thread, using the FIFO queue.
The next thread executes the preliminary data processing for the purpose of later data presentation on the user's interface panel. That module also includes the calibration of the measurement system and the recording of measurement data.
The duration of the calibration are 5 seconds, during which time the average value is calculated for each microphone sensitivity sen mean (1) and the phase shift relative to the rst microphone mean (2), at a given signal from the calibrator standard six-pin special adapter (Fig.1) . In the whole structure the supervision and control of individual threads is executed by the User Interface thread, which sends the proper commands to the other threads and deals with the messages concerning possible errors. It is also responsible for the communication between the user and the program (modi cation of the registration parameters, presentation of the results).
During the measurement the monitor screen presents the time dependencies and power spectra registered from individual measurement channels and simultaneous preview of acoustic pressure RMS values for all the measurement channels. Figure 4 presents the main window of the Multi-channel Data Acquisition System application.
The application also realizes the generation of sinusoidal signal of a speci ed frequency and amplitude. Additionally a Gaussian noise signal of required amplitude can be also generated.
Spectral Analyzer
The collected and written to TDMS type disc le measurement data are analyzed using the analysis application called Spectral Analyzer. The application is compatible with the Multi-channel Data Acquisition System described above. In the application band analysis functions for a selected signal have been implemented for frequency bands of 1/24, 1/12 and 1/3 octave width as well as full octave analysis. The frequency band analysis is carried out with speci ed additional parameters like: bandwidth, correction curve type (A, B, C and linear), averaging method and the range of the analyzed frequency band. Additionally the user can carry out the spectral analysis in a single frequency band of a selected range and calculate the amplitude-frequency and phase angle-frequency characteristics of tested objects. 
SUMMARY
Multi-channel system for acquisition of vibroacoustic signals has been constructed for realization of a speci c research program. Its structure and accompanying software allow its further development by multiplying the number of measurement channels, realized by the possibility to add further measurement cards and to connect further sensors. The dedicated software, written in the LabVIEW environment, allows creation of virtual measurement devices for specialized, multi-channel data acquisition of vibroacoustic signals and spectral analysis. The measured data are written as time-dependent sound pressure values, what allows repeated analyses after each modi cation of the analyzing procedure. The TDMS data recording standard in addition to time-dependent functions allows also appending description notes for the recorded signals as well as measurement parameters. The constructed research tools, due to their modular structure, can be adapted to new tasks, extended by adding new elements (further measurement cards, microphones, accelerometers etc.), what ensures great exibility and suitability of the system for realization of advanced acoustical measurements. Open source code and users request for specialized acoustic analyses make the developed software packages a highly prospective research tool both for today and tomorrow. 
